Capillary haemangioma or infantile haemangioma (IH) is the most common congenital vascular tumour in the periocular region. Several treatment modalities have been documented, with variable degree of success. Propranolol has recently been reported to be an effective and safe alternative. The aim of this systematic review is to examine the evidence base for the use of propranolol administered orally in the management of periocular capillary haemangioma, and use this information to guide future research. A systematic review of literature was carried out by two independent reviewers using the search strategies highlighted below. A total of 100 cases of oral propranolol use in periorbital or orbital capillary haemangiomas have been documented in the literature. Of the 85 cases that had details of previous treatment, it was used as first-line treatment in 50 (58.8%). The commonest dose used was 2 mg/kg/day. Adverse events were documented in one-third of cases; in most cases these were minor. Improvement or complete resolution of the lesions occurred in 96% of cases. Recurrence was noted in one-fifth of cases. Propranolol has shown a lot of promise in the therapy of IH and further research in the form of properly designed randomized trials is certainly warranted. Treatment guidelines based on literature available to date is included in this review.
Introduction
Capillary haemangioma or infantile haemangioma (IH) is the most common congenital vascular tumour of the periorbital region, 1 affecting approximately 10% of all infants. 2 They are benign tumours of vascular endothelial cells that are defined and distinguished from other vascular tumours and malformations by their unique histology and evolution (as highlighted in the Mulliken and Glowacki classification). The natural history of the haemangioma characteristically goes through a rapid growth phase during infancy followed by gradual involution. The former phase consists of endothelial hyperplasia and increased number of mast cells, whereas the involutional phase is characterized by fibrosis, diminished cellularity, and normal mast cell count. 3 Rarely, a capillary haemangioma can be acquired at or before puberty. 1 About 80% of haemangiomas are located in the head and neck regions. 4 Around the eye, an IH can cause significant functional and cosmetic deformity, with 43-60% incidence of amblyopia when either eyelid or orbit is affected. This is as a result of astigmatism or mechanical ptosis causing visual deprivation. 5, 6 Orbital involvement can lead to proptosis, exposure keratopathy, and compressive optic neuropathy. Although the natural history of an IH is spontaneous regression during the first decade of life, a high proportion of children with periocular IH will need treatment. 7 Ocular indications for treatment include obstruction of visual axis by the haemangioma or high degrees of astigmatism causing amblyopia, 8 exposure keratopathy secondary to proptosis, compressive optic neuropathy or rarely bleeding from the lesion. 7 Several treatment modalities have been used in the management of haemangiomas, including intralesional or systemic steroids, surgery, embolization, radiation, interferon therapy, and laser therapy 6,9-11 with variable efficacy and safety. Propranolol was serendipitously found to induce early involution in haemangiomas 12 and is now considered as a highly promising pharmacologic agent for the treatment of periocular capillary haemangiomas, especially in deep orbital lesions.
Methodology

Search strategy
Ovid MEDLINE (1948 to February Week 4 2011), CINAHL, and EMBASE were searched using the medical subject headings 'capillary hemangioma', 'adrenergic beta-antagnonists' and 'propranolol', and the following free text terms: 'periocular', 'orbital', 'capillary hemangioma', 'periocular hemangioma', 'eyelid hemangioma', 'capillary hemangioma', 'infantile hemangioma', 'stork bite', 'propranolol', 'beta blocker', 'haemangioma', 'capillary haemangioma', 'infantile'. The relevant keywords were linked using the Boolean operators AND/OR. The Cochrane database was searched for randomized controlled trials (RCT), systematic reviews, and meta-analyses using the same search strategy, as indicated above. Two independent reviewers analyzed the search results and the corresponding full articles. All case reports, retrospective or prospective case series, or randomized control trials reporting the use of propranolol in the management of periocular haemangioma were included. Articles that described use of propranolol for haemangioma elsewhere in the body were also analyzed to pick up cases of periocular haemangioma. Animal studies, unpublished abstracts/conference proceedings were excluded. The reference lists of included articles were studied to identify additional potentially relevant reports. Only articles/studies published in English language were included.
Inclusion criteria for this review
The primary objective of this review is to determine the evidence base of using propranolol in the management of periocular or orbital capillary haemangiomas. All forms of relevant literature, including case reports and case series, were included in the review. Any patient with a capillary haemangioma in the periocular area or orbit treated with propranolol was included. Any other skin lesions or capillary haemangiomas that were not treated with any beta-blockade therapy were excluded.
Results
Literature search
The electronic searches, including reference lists of the retrieved articles, found 96 titles and abstracts. Articles were read in full and the decision about inclusion of an article was not based solely on titles or abstracts. A total of 77 references were not relevant to the scope of the review, because they dealt with haemangiomas that were not periocular or orbital. The remaining 19 references are summarized in Table 1 . There are no published RCTs on the efficacy and safety of propranolol in the treatment of periocular IH. Our search revealed a total of 100 patients that have been treated with oral propranolol for periocular or orbital IHs.
Patient demographics
The youngest child treated was 1 week of age, and the oldest 18 months, with a mean age of 4.8 months.
Haemangiomas had an orbital extension in 11 cases. The rest were superficial periorbital. More detailed description of the location of the superficial haemangioma was given in 40 of the 89 periorbital cases. A small proportion of these patients also had haemangiomas elsewhere, such as ear, jaw and chin. The main indication for treatment of the lesion was amblyopia, which was either visual deprivation, anisometropic or astigmatic. Management of the haemangioma was also combined with appropriate treatment for amblyopia.
The other five patients had an intraconal or orbital haemangioma resulting in one or more of the following: proptosis, exposure, anisometropia, globe displacement, strabismus, and compressive optic neuropathy.
Diagnosis was based on the typical appearance of the lesion in all cases of superficial periocular IHs, [12] [13] [14] [15] [16] [17] 19 and in one case of orbital lesion, 13 where a right anterior orbitotomy was performed and the appearance of the lesion was typical of a capillary haemangioma. Imaging in the form of computerized tomography or magnetic resonance imaging was performed to diagnose all intraconal masses (11 cases in this review). Where diagnosis couldn't be made with this information, a biopsy was obtained (one case). 5 
Previous treatment
Details of previous treatment before commencing propranolol were given in 85 of the 100 patients.
In 50 out of these 85 patients (58.8%), propranolol was used as first-line treatment. Five patients (5.0%) had received previous intralesional steroids. The rest, 36.5%, were previously treated with systemic prednisolone at a dose of 1-5 mg/kg/day (most cases on 2 mg/kg/day).
Intralesional or systemic steroids were found to be slightly effective at first in some cases, but did not halt progression and were not free of side effects. Alternative treatment was required as haemangioma growth persisted despite steroid treatment, and anisometropia and astigmatism needed to be addressed, possibly using occlusion. Certain centres used propranolol as first-line treatment for capillary haemangiomas based on their own experience, but no further details of specific cases was described. 29 
Dosage and safety
Propranolol in the dosage range of 1-3 mg/kg/day has been used in all documented cases, with 2 mg/kg/day as the most common dose. Duration of treatment varied between 2 weeks to 1 year with a mean duration of 6.9 months (Table 1) .
Adverse effects with propranolol for infantile periocular capillary haemangiomas were documented in 26 of the 100 cases (Table 2 ). However, many of these were not serious enough to warrant stopping or amending the dose of propranolol. In fact, propranolol was only discontinued in five cases (5%).
One episode of bronchospasm was documented in this literature review. The child had been previously diagnosed with atopic dermatitis and the wheezing condition was later diagnosed as asthma. Propranolol was stopped, and wheezing stopped a few days after. 14 Hypoglycemia was documented in two cases in this review, 16 ,21 a 36-day-old and an 11-month-old girl. The latter had to be hospitalized for a day, after which propranolol was stopped, whereas the former had no sequelae. Hypotension was documented in four cases where propranolol was used for periocular IHs. 14, 16, 19 The first case was an 8-week-old girl who had systolic blood pressure of 60 mm Hg after 2 weeks of treatment. After 2 h of monitoring, her pulse and blood pressure returned to normal without any intervention. Propranolol was discontinued. 16 The second case was a premature infant who had borderline asymptomatic diastolic hypotension. Propranolol in this case was slowly incremented over 2 months to 2 mg/kg/day and no further intervention was required. It was not stopped and there was successful involution of the haemangioma. Low-dose propranolol administered in divided doses with gradual increase is therefore advocated by the authors. 19 In the third case, blood pressure decreased 3 h after the first dose to 62/25 mm Hg while the child was sleeping, and resolved spontaneously without any therapeutic intervention. Propranolol was not discontinued. 14 Other documented side effects (Table 2) were minor and self-limiting. Finally, hypotension was documented as being a transient self-limiting asymptomatic event that did not require premature termination of treatment. 17 Cardiac hypersensitivity has been reported to occur 24-48 h after stopping propranolol, peaking at 4-8 days, and diminishing after 2 weeks. 30 There were no cases of cardiac hypersensitivity after stopping propranolol. Tapering the dose over a 2-week period has been reported to be safer. 16 Early termination of treatment might be advisable in certain cases. 17 Haider et al 13 reported problems with compliance to treatment in nearly one-fourth of their patients. Luckily, this did not have any effect on efficacy and none of the patients had serious adverse effects.
Efficacy
Clinical outcome in the majority of cases reported was qualified as being either successful or not. No standard method of defining success was used in these reports. Haider et al 13 has attempted to define various grades of success. An 'excellent' result was qualified as more than 50% reduction in size of the haemangioma, 'good' result as decrease in size of o50%, 'fair' result as no further growth, and 'poor' result as continued growth or intolerable adverse effects.
All cases of orbital haemangiomas resolved after 2-4 months of treatment. 5, 12, 13, 18, 20, 25 In patients with periocular IHs, blanching, softening, and early regression of the lesions started within the first 3 days of treatment. The earliest visible response to treatment varied from 1 week 6,13,31, to 6 weeks 12 after initiation of treatment. Improvement or resolution of the lesion was observed in 96 of the 100 documented cases. In the other four cases, propranolol was discontinued because of hypotension (n ¼ 1), 16 asthma onset (n ¼ 1), 14 hypoglycaemia (n ¼ 1), 21 or no effect on astigmatism (n ¼ 1). 25 Propranolol was therefore effective in 96 out of the 97 cases as it was discontinued in three cases for adverse events, and in one for lack of an adequate response to the drug.
Recurrence of the haemangioma occurred in 15% after withdrawal of propranolol. This did not seem to be related to the duration of treatment or the age of the patient. Recurrences were in the form of mild recolouring in seven cases 12, 14 and rebound growth in eight cases. 12, 17 Treatment was re-started in six of the latter eight 'regrowth' cases, for a further 6-54 weeks (mean 9.3 weeks), 17 and all of these responded well. The rest of the cases of recurrences did not require retreatment with propranolol.
Other beta blockage for periocular capillary haemangiomas
Acebutolol, a selective b-adrenergic receptor blocking agent has been used in one patient of 2 months of age with hemifacial haemangioma causing ocular occlusion, with no response to systemic prednisolone. A dose of 10 mg/kg/day was used for 10 months, causing regression and resolution of ocular occlusion. 32 There is no further documentation of use of this drug in management of periocular IHs.
Limitations of this review
Only 100 cases have been reported to date. While every effort was made to include all relevant published literature, unpublished reports could be a source of publication bias. Publication bias due to unfavourable results is another potential limitation of any systematic review. Furthermore, only articles published in English language have been reviewed.
Discussion
Various treatment modalities have and are still being used for the management of periocular IHs. Systemic corticosteroids can be effective but may be accompanied by significant systemic adverse effects, and rebound growth can occur upon cessation of treatment. 33 Other agents used include vincristine sulphate, cyclophosphamide, imiquimod cream, and interferon. 6, [34] [35] [36] Intralesional corticosteroids (triamcinolone) are sometimes used. Radiation, laser, 10 embolization, 9 and surgical excision 6, 11 are other more invasive options, and the latter might have to be an earlier option in periocular IHs to minimize likelihood of amblyopia. 6 Propranolol is used by paediatric cardiologists in children as young few weeks to treat tachydysrhythmias, idiopathic hypertrophic subaortic stenosis, paroxysmal hypoxaemic spells, long Q-T syndrome, and congenital heart failure at doses up to 8 mg/kg/day in divided doses. 26 It is used at a lower dose for treatment of periocular IHs. A 40-year review of propranolol toxicity in children found no cases of mortality, 28 and in all cases, adverse effects resolved either spontaneously or when the drug was stopped. 37 The known side effects of propranolol include bronchospasm, 14 hypoglycaemia, 16, 21, 38 mood disturbances, somnolence, 39 bradycardia, and hypotension. 14, 16, 17, 19 Bronchospasm is usually seen as an exacerbation in patients with underlying reactive airway diseases. It is therefore important to question parents about previous atopic or wheezing conditions. 14 Hypoglycemia can occur as propranolol decreases lipolysis, glycogenolysis, and gluconeogenesis. 38 In addition, it can also mask hypoglycaemia symptoms. The potential for the above adverse events requires adequate education of the parents and caution on the part of the prescribing physician. 4 Hypoglycemia associated with propranolol is best recognized during the neonatal period, especially in low-birth weight newborns, with older infants and children considered to be low risk. 21 This adverse event may not be dose dependant. While recognition of signs or symptoms of hypoglycemia is essential, adequate care is needed decrease the risk of such an adverse event. It is recommended that propranolol be discontinued during intercurrent illness, especially in the setting of decreased oral intake. If this is not possible, glucose containing intravenous fluids are indicated. 40 Blood glucose levels should be monitored before and during treatment.
The difficulty in defining outcomes is apparent in the review. Haider et al 13 have reported their attempt at such a definition. This remains one of the drawbacks. Volumetric assessment documented either by ultrasonography or magnetic resonance imaging of the lesion is probably the best quantitative method to assess the response to treatment.
Protocol for use of propranolol
Protocols have been suggested by several authors. 16, 24 Manunza et al 24 suggested a protocol where baseline investigations are done before treatment including an echocardiogram, ECG and abdominal ultrasound. Heart rate and blood pressure are monitored every half hour for the first 4 h of treatment, after which they are checked twice weekly for two weeks, and once weekly thereafter. Lawley et al 16 has called for a more intensive monitoring as an inpatient. The dose is increased in gradual increments every 3 days. As risk of hypotension and hypoglycemia is higher in premature and young infants, slower dose escalation is recommended in these selected cases. The treatment is continued until the proliferative phase has ended (6-12 months of age) or until stabilization of refraction on consecutive follow-up visits, if the haemangioma causes astigmatism. 23 
Areas for future research
The response to propranolol therapy seen in many reports may represent the natural history of evolution of the haemangioma. The recurrence seen in some reports when propranolol was stopped, and subsequent resolution in re-initiation of propranolol therapy does provide some proof that propranolol has an effect on the haemangioma (challengerechallenge).
It is evident from this review that, to date, there are no published RCTs evaluating the efficacy of propranolol in the management of IH. Designing a proper RCT could prove extremely difficult, especially as various treatment modalities exist and head-to-head comparisons might not be possible. It is also evident from the review that published reports varied tremendously in terms of baseline parameters such as location and size of lesion, age at intervention, indication for treatment, previous therapy, and standardized method of monitoring response and adverse effects. Furthermore, the high success rate reported so far makes it extremely difficult for power calculation for a randomized trial. Duration of therapy also needs further investigation as almost one fifth of children treated for at least 6 months had a recurrence when propranolol was stopped. Recurrence did not seem to be related to duration of treatment so maybe this decision would have to be done on a patient individual basis.
Propranolol is a non-selective beta-blocker and may be more prone for adverse effects. There is scope for other more selective beta-blockers such as acebutolol to be introduced into trials. Mode of administration of betablockers is another avenue for further research. Although there are reports of topical application of timolol gel in the treatment of superficial periocular haemangioma, 41 details are vague and further evidence is required to understand their value.
In summary, propranolol has shown a lot of promise in the therapy of IH and further research in the form of properly designed RCT with well defined outcome measures is warranted, although one must appreciate that designing a proper RCT in this case might prove extremely difficult.
